Objectives: To determine the frequency and characteristics of seizureinduced cerebrospinal fluid (CSF) abnormalities in children and to identify potential alternative causes of these findings.
Most of the evidence for postictal CSF abnormalities is derived from anecdotal reports or case series from adult populations. [6] [7] [8] [9] [10] [11] The reported frequency of seizure-induced CSF abnormalities varies among different studies but has been estimated to be as high as 30%. 9 Relatively few studies have been performed in children, 12, 13 and the available pediatric data are conflicting. In one study postictal CSF abnormalities were reported in approximately 25% of children, 12 but another pediatric study showed no evidence of postictal changes. 14 A number of factors could contribute to this variability, but many of these may relate to criteria used for excluding other conditions that can cause CSF pleocytosis and increased protein levels. The objective of this study was to determine the frequency and characteristics of seizure-induced CSF abnormalities in pediatric patients, by using strict methods for analysis and exclusion of other possible confounding factors such as unsuspected infection, concurrent neurologic diseases, and blood contamination from traumatic lumbar punctures.
METHODS
Clinical and laboratory data from the charts of all 906 patients who had a lumbar puncture performed at St Louis Children's Hospital from June 1998 to December 1998 were reviewed retrospectively, including patients evaluated in the emergency department, outpatient clinics, and inpatient services.
Lumbar puncture is commonly performed in patients who have had an acute seizure to evaluate for evidence of central nervous system infection as an underlying cause. 1 whether the abnormality is due to the seizure or an underlying infection. Seizures have been reported to induce postictal pleocytosis, neutrophilia, and increased CSF protein levels. [6] [7] [8] [9] [10] [11] [12] [13] If these seizure-induced abnormalities are common, the clinical utility of lumbar puncture in diagnosing CNS infection after a seizure significantly diminishes.
Data from patients who were given a diagnosis of seizure and underwent a lumbar puncture within 24 hours of the seizure were further analyzed. The age of these patients ranged from 1 day to 19 years. A number of characteristics of the seizure were determined, including duration, type, the presence of fever, the presumed cause, and neurologic history. The duration of the seizure by historical account was noted, with status epilepticus defined as single or repetitive seizures lasting more than 30 minutes. The seizure type was categorized by available clinical description into generalized motor seizures (usually tonic-clonic seizures, either primary or secondary generalized) or partial seizures (simple or complex partial without secondary generalization). The specific cause of the seizure was identified, when possible, and classified as idiopathic, acute or remote symptomatic (not including febrile seizures), or febrile. In addition, a history of epilepsy and other neurologic diseases and the results of neuroimaging and electroencephalography studies were noted.
Patients with seizures were excluded from final analysis if another condition that is known to affect CSF findings existed. These categories included: (1) traumatic lumbar puncture, defined as >500 × 10 6 erythrocytes/L (>500 erythrocytes/mm 3 ) in the CSF cell count or report of blood in the CSF by the physician in the procedure note or by the laboratory technician; (2) history of prematurity in patients <6 months of age, defined as <37 weeks' gestational age; (3) concurrent neurologic diseases known to affect the CSF such as tumor, stroke, demyelinating disease, or neurodegenerative disorders (this exclusionary criterion was applied to patients without knowledge of the CSF results); (4) evidence of CNS infection, identified by clinical diagnosis and/or positive bacterial or viral culture or positive PCR for herpes simplex virus or enterovirus, but not by using CSF cell count, differential, or protein as exclusive criteria for diagnosis. Enterovirus PCR is not routinely used in clinical practice at St Louis Children's Hospital, but surveillance tests have been performed for research purposes. 15, 16 PCR results were retrospectively available for several patients in this study but did not affect the clinical diagnosis or treatment of the patients.
The CSF findings that were analyzed included leukocyte count, polymorphonuclear cell count, and protein level. Normal ranges for these were based on previously published reference values, 14, [16] [17] [18] [19] with consideration of normal developmental changes in CSF during infancy. For CSF leukocyte count, normal ranges were ≤15 × 10 6 /L (≤15/mm 3 ) for patients <2 months old and ≤5 × 10 6 /L (≤5/mm 3 ) for patients ≥2 months old. 14, 17 For CSF PMN count, normal ranges were ≤5 × 10 6 /L (≤5/mm 3 ) for patients <4 months old 14, 17 and 0 to 4 PMNs in a cytocentrifuged specimen for patients ≥4 months old. 19 For CSF protein, normal ranges were ≤1.0 g/L (≤100 mg/dL) for patients <2 months old, ≤0.60 g/L (≤60 mg/dL) for patients between 2 and 4 months old, and ≤0.35 g/L (≤35 mg/dL) for patients ≥4 months old. 16, 18 The relationship of CSF values and seizure characteristics was analyzed by the Fisher exact test. This study was conducted in accordance with a protocol approved by the Human Studies Committee of Washington University.
RESULTS
Eighty of the 906 patients had a seizure within the previous 24 hours; 18 of these 80 patients were excluded from the final study group because of the presence of another condition that potentially affects the CSF. Reasons for exclusion included traumatic lumbar puncture (n = 10), history of prematurity (n = 2), concurrent neurologic diseases (n = 4 total; stroke [1] , mitochondrial disease [1] , leukoencephalopathy [2] ), and initially undiagnosed viral meningitis detected by enterovirus PCR (n = 2). The 2 patients with viral meningitis had negative CSF cultures and had not been given a diagnosis of meningitis by their physicians at disposition, despite a mild CSF pleocytosis. The diagnosis of meningitis was based retrospectively on a positive enterovirus PCR in the CSF, obtained as part of a surveillance study of enterovirus PCR. 16 No patients in this study who presented with a seizure were given a diagnosis of meningitis based on traditional clinical and laboratory criteria.
Analysis of CSF results from the excluded groups revealed a high proportion of abnormalities (Table I) . Overall, CSF pleocytosis, neutrophilia, and increased protein levels were present in 33%, 56%, and 56% of patients from the After the patients with coexisting conditions were excluded, 62 patients remained in the final group. Overall, CSF pleocytosis, neutrophilia, and increased protein levels were present in only 3 (5%), 4 (6%), and 6 (10%) of these patients, respectively (Table II) . There was no significant effect of the patient's age, seizure type (including status epilepticus), presumed cause, history of epilepsy, and neuroimaging or EEG results on the presence of CSF abnormalities.
Table III displays the specific values for CSF leukocyte count, PMN count, and protein in the final study group based on age, because the normal ranges differ before and after age 4 months and all CSF abnormalities occurred in patients >4 months (Table  II) . The 3 patients with postictal pleocytosis had only mildly increased CSF leukocyte counts of 6 to 8 × 10 6 /L (6-8/mm 3 ). In patients >4 months old, the highest absolute PMN count was 0.18 × 10 6 /L (0.18/mm 3 ), with a maximum of 13 PMNs per cytocentrifuged specimen. The maximal abnormal protein level observed in this group was 0.52 g/L (52 mg/dL).
DISCUSSION
Seizures occur commonly during acute meningitis and may be the presenting symptom. 1,2 Although additional clinical signs or symptoms usually help in establishing the diagnosis, [3] [4] [5] lumbar puncture remains an invaluable tool for "ruling out" meningitis in patients presenting with a seizure. Yet, the reported phenomena of postictal pleocytosis and other postictal CSF abnormalities may confuse the interpretation of CSF analysis and limit the utility of lumbar puncture after a seizure, because it may be impossible to determine whether a CSF abnormality is due to the seizure itself, another related neurologic process, or an underlying infection. Our data suggest that true seizure-induced CSF abnormalities are relatively rare in the pediatric population, with postictal pleocytosis and increased protein levels in the absence of another identified cause occurring in only 5% and 10% of patients, respectively. Furthermore, the degree of the CSF abnormalities was very mild, with a maximal pleocytosis of 8 × 10 6 leukocytes/L (8 leukocytes/mm 3 ) and protein level of 0.52 g/L (52 mg/dL). Table III . CSF values in the final seizure group based on age tictal CSF abnormalities in our pediatric study is consistent with results of one prior study of adults 8 but is substantially lower than the 15% to 30% incidence commonly reported in a number of other pediatric and adult studies. 6, 9, [11] [12] [13] We identified several factors that might provide an alternative explanation for some cases of apparent postictal CSF abnormalities and account for the relatively low incidence of seizureinduced abnormalities noted. Failure to recognize these factors, such as traumatic lumbar puncture, concurrent neurologic diseases, and meningitis not diagnosed by conventional methods, may lead to a false presumption of postictal CSF abnormalities. Blood contamination from traumatic lumbar punctures is well known to cause false elevation of CSF leukocytes and protein levels, and formulas have been derived to compensate for such contamination. 20 Although most clinicians would not ignore the impact of a grossly bloody CSF sample on interpretation, even small amounts of blood that may not be visibly detectable can induce significant changes in CSF values. This is especially true for CSF protein, because clinical practice frequently involves use of the first or second, often more contaminated, specimens for protein analysis and subsequent "purer" samples for cell count. Thus the erythrocyte count may not accurately reflect the degree of blood contamination in the protein sample. In our study, CSF samples that had as few as 1000 × 10 6 erythrocytes/L (1000 erythrocytes/mm 3 ) could exhibit abnormalities in CSF leukocytes or protein.
Of greater clinical importance than traumatic lumbar punctures are numerous neurologic disorders that may independently induce CSF abnormalities and seizures, leading to diagnostic confusion when postictal CSF abnormalities are observed. Such diseases include stroke, tumor, demyelinating diseases, and a variety of neurodegenerative disorders. Although most of these conditions usually produce other neurologic signs and symptoms, seizure may occasionally occur as the only presenting sign of some.
The decision to interpret a postictal CSF abnormality as being caused by the seizure itself, rather than an underlying CNS infection, is also fraught with possible pitfalls. Two patients in this study with seizures and a mild CSF pleocytosis were not given a diagnosis of meningitis on clinical grounds or by traditional laboratory methods (ie, culture) but were subsequently found to have positive enterovirus PCR. In these patients the pleocytosis may have originally been attributed to the seizures, but in retrospect, the pleocytosis was more likely a sign of meningitis. Although inadvertent inclusion of these 2 patients in the final study group in the absence of PCR data would not have substantially altered the results of this study, these cases of covert meningitis reinforce the idea that postictal pleocytosis may be overdiagnosed. Furthermore, because most of the patients in the final study group with postictal CSF abnormalities were not evaluated by PCR, it is possible that additional patients also had undiagnosed viral meningitis and that the incidence of true seizure-induced CSF abnormalities is even lower than reported here.
In this and previous studies the importance of seizure duration in affecting postictal CSF abnormalities is uncertain and controversial. Several of the previously mentioned studies, in which a relatively high incidence of postictal pleocytosis (between 15% and 30%) was reported, focused exclusively on status epilepticus. 6, 11, 13 Because these studies did not compare CSF findings in status epilepticus with brief seizures, it is impossible to determine whether the higher incidence of CSF abnormalities in these studies applied to all seizures or was a specific effect of prolonged seizures. The few studies (including the present study) that directly analyzed the effect of seizure duration on postictal CSF abnormalities showed no difference between prolonged and self-limited seizures. 9, 10, 12 Therefore it is still unclear whether status epilepticus substantially increases the incidence of postictal CSF abnormalities.
In conclusion, our data suggest that after other potential causes of postictal CSF abnormalities have been excluded, true seizure-induced CSF changes are relatively rare, at least in children. Given its low incidence but high potential for misdiagnosis, we suggest that the concept of postictal CSF abnormalities is of limited clinical value. All patients with abnormal CSF findings after a seizure should be thoroughly evaluated for other underlying causes of the abnormality.
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TREATMENT OF HYPERTHYROIDISM WITH RADIOACTIVE IODINE
Forbes GB, Perley AM. J Pediatr 1951;38:158-63
The treatment of hyperthyroidism continues to be controversial because there are significant complications with all therapeutic options. Thionamide therapy (propylthiouracil, methimazole) is associated with longterm remission rates of 30% to 50%, and complication rates of 20% to 30%. Surgery has a 90% cure rate but is a complex procedure with risks including permanent hypoparathyroidism or vocal cord paralysis. Longterm cure rates of 90% in adults with hyperthyroidism can be achieved after radioactive iodine treatment. In 1951, Forbes and Perley reported the treatment of hyperthyroidism in an 11-year-old girl with a single dose of radioiodine. The hyperthyroidism failed to respond to thionamide treatment (noncompliance), and the patient was a poor candidate for surgery because of previous rheumatic fever. After treatment with radioactive iodine, the basal metabolic rate (there were no thyroxine assays in 1951) declined, and the size of the thyroid gland decreased. Ten weeks after treatment, she had no signs or symptoms of hyperthyroidism and subsequently received thyroid hormone replacement. The authors acknowledged their concern about the long-term risk of carcinogenic effects from the radioiodine treatment.
Childhood survivors of atomic explosions in Japan, fallout after nuclear weapons testing in the Marshall Islands, and the Chernobyl disaster have had an increased incidence of thyroid carcinoma. Children less than 10 years of age at the time of exposure had the highest risk. The risk of thyroid cancer in children receiving treatment for hyperthyroidism with radioactive iodine is unknown. Children less than l0 years may be at greater risk. It is recommended that children should receive higher doses of iodine 131 to minimize residual thyroid tissue and decrease the risk of thyroid cancer. Patients with Graves' disease, in general, are at higher risk for thyroid cancer regardless of treatment modality. All patients with a history of Graves' disease should have careful follow-up, and newly appearing nodules should be biopsied or excised.
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